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ELECTRO-ACTIVE SPECTACLES AND 
METHOD OF FABRICATING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application 60/ 623,947 ?led Nov. 2, 2004, Which is incor 
porated herein by reference in its entirety. 

This application incorporates by reference in their entirety 
all of the following applications, provisional applications, 
and patents: US. application Ser. No. 11/232,551 ?led Sep. 
22, 2005; US. Pat. No. 6,918,670 issued Jul. 19, 2005; US. 
application Ser. No. 11/183,454 ?led Jul. 18, 2005; US. 
Provisional Application No. 60/692,270 ?led Jul. 21, 2005; 
US. Provisional Application No. 60/687,342 ?led Jun. 6, 
2005; US. Provisional Application No. 60/687,341 ?led 
Jun. 6, 2005; US. Provisional Application No. 60/685,407 
?led May 31, 2005; US. Provisional Application No. 
60/679,241 ?led May 10, 2005; US. Provisional Applica 
tion No. 60/674,702 ?led Apr. 26, 2005; US. Provisional 
Application No. 60/673,758 ?led Apr. 22, 2005; US. appli 
cation Ser. No. 11/109,360 ?led Apr. 19, 2005; US. Provi 
sional Application No. 60/669,403 ?led Apr. 8, 2005; US. 
Provisional Application No. 60/667,094 ?led Apr. 1, 2005; 
US. Provisional Application No. 60/666,167 ?led Mar. 30, 
2005; US. Pat. No. 6,871,951 issued Mar. 29, 2005; US. 
application Ser. No. 11/091,104 ?led Mar. 28, 2005; US. 
Provisional Application No. 60/661,925 ?led Mar. 16, 2005; 
US. Provisional Application No. 60/659,431 ?led Mar. 9, 
2005; US. application Ser. No. 11/063,323 ?led Feb. 22, 
2005; US. Pat. No. 6,857,741 issued Feb. 22, 2005; US. 
Pat. No. 6,851,805 issued Feb. 8, 2005; US. application Ser. 
No. 11/036,501 ?led Jan. 14, 2005; US. application Ser. No. 
11/030,690 ?led Jan. 6, 2005; US. application Ser. No. 
10/996,781 ?led Nov. 24, 2004; US. Provisional Applica 
tion No. 60/623,947 ?led Nov. 2, 2004; US. application Ser. 
No. 10/924,619 ?led Aug. 24, 2004; US. application Ser. 
No. 10/918,496 ?led Aug. 13, 2004; US. application Ser. 
No. 10/863,949 ?led Jun. 9, 2004; US. Pat. No. 6,733,130 
issued May 11, 2004; US. application Ser. No. 10/772,917 
?led Feb. 5, 2004; US. Pat. No. 6,619,799 issued Sep. 16, 
2003; US. application Ser. No. 10/664,112 ?led Aug. 20, 
2003; US. application Ser. No. 10/627,828 ?led Jul. 25, 
2003; US. application Ser. No. 10/387,143 ?led Mar. 12, 
2003; US. Pat. No. 6,517,203 issued Feb. 11, 2003; US. 
Pat. No. 6,491,391 issue Dec. 10, 2002; US. Pat. No. 
6,491,394 issued Dec. 10, 2002; and US. application Ser. 
No. 10/263,707 ?led Oct. 4, 2002. 

FIELD OF THE INVENTION 

The present invention relates generally to spectacles and, 
in particular to spectacles comprising electro-active lenses. 

SUMMARY OF THE INVENTION 

An illustrative aspect of the invention provides a com 
posite lens assembly comprising an electro-active lens 
assembly, a ?rst lens Wafer, and a second lens Wafer. The 
electro-active lens assembly has an upper substrate layer 
With a planar upper surface and a loWer substrate layer With 
a planar loWer surface. The ?rst lens Wafer has a planar 
loWer Wafer surface adjacent and parallel to the planar upper 
surface of the upper substrate layer of the electro-active lens 
assembly. The second lens Wafer has a planar upper Wafer 
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2 
surface adjacent and parallel to the planar loWer surface of 
the loWer substrate layer of the electro-active lens assembly. 

This and other aspects Will become apparent from the 
folloWing description of the preferred embodiment taken in 
conjunction With the folloWing draWings, although varia 
tions and modi?cations may be effected Without departing 
from the spirit and scope of the novel concepts of the 
disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the folloWing detailed description together With the 
accompanying draWings, in Which like reference indicators 
are used to designate like elements. 

FIG. 1 is a section vieW of an electro-active lens assembly 
that may be used in or in conjunction With embodiments of 
the invention. 

FIG. 2 is a bottom vieW of the electro-active lens assem 
bly of FIG. 1. 

FIG. 3A is an expanded vieW of a composite lens assem 
bly according to an embodiment of the invention. 

FIG. 3B displays an assembled vieW of the composite lens 
assembly of FIG. 3A. 

FIG. 4A is an expanded vieW of a composite lens assem 
bly according to an embodiment of the invention. 

FIG. 4B is an assembled vieW the composite lens assem 
bly of FIG. 4A. 

FIG. 5 displays a composite lens assembly according to an 
embodiment of the invention mounted inside of a spectacle 
frame. 

FIG. 6 is a section vieW of an electro-active lens assembly 
that may be used in or in conjunction With embodiments of 
the invention. 

FIG. 7A is a bottom vieW of the electro-active lens 
assembly of FIG. 6. 

FIG. 7B is a top vieW of the electro-active lens assembly 
of FIG. 6. 

FIG. 8A is an expanded vieW of a composite lens assem 
bly according to an embodiment of the invention. 

FIG. 8B is an assembled vieW the composite lens assem 
bly of FIG. 8A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, various embodiments of the invention Will be 
described. As used herein, any term in the singular may be 
interpreted in the plural, and alternately, any term in the 
plural may be interpreted to be in the singular. The terms 
“upper” and “loWer” refer merely to the relative orientation 
of the elements as shoWn in a particular ?gure, and do not 
imply any required ?nal orientation of the electro-active lens 
assembly relative to the environment. Similarly, the terms 
“?rst” and “second” are used merely for convenience, and 
do not imply any required ?nal orientation or order of 
assembly. 
Embodiments of the invention provide spectacles formed 

as composite assemblies of electro-active lens elements and 
passive lens elements. As used herein, the term “electro 
active lens” refers to a lens Whose optical properties may be 
changed or modi?ed With the application of electricity. Of 
particular interest are electro-active lenses formed from 
liquid crystal lens elements that may be con?gured for 
correction of any of a variety of vision problems. 
The fabrication of a liquid crystal electro-active lens 

assembly and the incorporation of such a lens assembly into 
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a composite lens assembly presents a number of challenges. 
For example, the structure of the electro-active lens element 
must be established so as to control the thickness of the 
liquid crystal layer and so as to alloW edging (i.e., removal 
of material around the edges) of the composite electro-active 
lens assembly. Edging of lenses for spectacles is very 
important because edging properly aligns and positions the 
lenses (inside of the spectacle frame) relative to the eyes. 

Another challenge is that electrical communication must 
be established among the electrical components (e.g., driver 
chip, contacts and electrodes) of the electro-active portion of 
the composite lens assembly. As Will be discussed, this may 
be done through vias (small holes) Which may be perpen 
dicular to the layers, and thus avoid the edge of the electro 
active lens assembly. This internal electrical communication 
may be similar to multi-layered integrated circuit design, 
Wherein multiple layers are physically separated, but may 
communicate With each other through vias as needed. 

Yet another challenge is the physical integration of the 
electro-active lens assembly into the composite lens assem 
bly. In some embodiments, the composite lens assembly 
may be secured (held together) using screWs or bolts, and 
these screWs or bolts may serve as a convenient electrical 

path for the poWer supply. In this case, the composite lens 
assembly may be edged for proper positioning inside of a 
spectacle frame. 
Embodiments of the invention Will noW be discussed in 

more detail. 

FIG. 1 displays an electro-active lens element assembly 
100 that may be used in or in conjunction With embodiments 
of the invention. The electro-active lens assembly 100 is 
particularly adapted for use in the composite lens assemblies 
discussed beloW. The electro-active lens assembly 100 is 
essentially a laminate structure With both poWer contacts 
180, 182 positioned on its loWer surface. The layers of this 
laminate structure in order from the upper surface to the 
loWer surface are: 

a ?rst glass or plastic substrate 110, 
a ?rst electrode layer 120, 
a ?rst alignment layer 130, 
a liquid crystal layer comprising a spacer 140 surrounding 

a liquid crystal 142, 
a second alignment layer 150, 
a second electrode layer 160, 
a second glass or plastic substrate 170, 
a contact layer comprising a positive contact 182 for 

battery poWer, and a negative contact 180 for battery 
poWer, 

a driver chip 190. 
The driver chip 190 is connected to the ?rst electrode 

layer 120 through a via connection 186, and the driver chip 
190 is also connected to the second electrode layer 160 
through multiple via connections 184. 

The driver chip 190 may be positioned in another layer, 
for example inside of second glass or plastic substrate 170 
With appropriate via connections to other elements. Alter 
nately, the drive chip 190 may be positioned on the same 
layer as the second electrode layer, in order to minimiZe the 
number of necessary vias. 

The ?rst glass or plastic substrate 110, Which may be 
referred to as the upper substrate 110, may be substantially 
?at on both the upper side and the loWer side. The ?rst glass 
or plastic substrate 110 may provide structural support for 
the other elements, and may provide electrical insulation for 
the other elements. The substantially ?at loWer side of the 
upper substrate 110 is adjacent to the substantially ?at upper 
side of ?rst electrode layer 120. 
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4 
The ?rst electrode layer 120 may be a solid electrode, and 

may serve as a reference electrode relative to the second 
electrode layer 160. The substantially ?at loWer side of ?rst 
electrode layer 120 may serve as a substrate to attach 
alignment layer molecules. The loWer side of the ?rst 
electrode layer 120 is adjacent to the substantially ?at upper 
side of the ?rst alignment layer 130. 
The ?rst alignment layer 130 comprises materials that aid 

the alignment of the liquid crystal layer 142. The substan 
tially ?at loWer surface of ?rst alignment layer 130 is 
adjacent to liquid crystal 142 and spacer 140. 
The optical properties of liquid crystal 142 may be 

changed by electric and magnetic ?elds. Altemately, the 
spacer 140 may be thicker than shoWn in FIG. 1, and may 
encircle all of the folloWing: the ?rst alignment layer 130, 
the liquid crystal 142, and the second alignment layer 150. 
The substantially ?at loWer side of liquid crystal layer 142 
is adjacent to the substantially ?at upper side of the second 
alignment layer 150. 

Note that material may be removed from around the edge 
of the electro-active lens assembly Without contacting or 
destroying the liquid crystal 142. Speci?cally, some of the 
spacer 140 may be removed or edged Without contacting or 
destroying liquid crystal 142. 
The second alignment layer 150 comprises materials that 

aid the alignment of the liquid crystal layer 142. The 
substantially ?at loWer side of alignment layer 150 is 
adjacent to the substantially ?at upper side of second elec 
trode layer 160. 
The second electrode layer 160 may be solid, or may be 

segmented or patterned. For example, the second electrode 
layer 160 may be individually controlled pixels patterned 
into an arbitrary array , or may be patterned into other useful 
patterns such as a set of concentric circles. The multiple via 
connections 184 from the driver chip 190 may individually 
control the pixels or patterns. Note that the ?rst electrode 
layer 120 may serve as a reference electrode in contrast to 
any voltages on the second electrode layer 160. The electric 
?eld created betWeen the second electrode layer 160 and the 
?rst electrode layer 120 may affect the optical qualities (such 
as index of refraction or transmissivity) of the liquid crystal 
142. The electrodes 120 and 160 may have spacers around 
them in order to insulate them from the edge, and in order 
to alloW edging of the electro-active lens assembly 100. The 
substantially ?at loWer side of the second electrode 160 is 
adjacent to the substantially ?at upper side of the second 
glass or plastic substrate 170. 
The second glass or plastic substrate 170, Which may be 

referred to as the loWer substrate 170 may provide structural 
support for the other elements, and may provide electrical 
insulation for the other elements. The substantially ?at loWer 
side of the loWer substrate 170 is adjacent to the substan 
tially ?at upper side of positive contact for battery poWer 
182 and negative contact for battery poWer 180. In this 
embodiment, the positive contact 182 and negative contact 
180 are on the same layer, but are not conductively attached 
directly together. Both contacts are conductively attached to 
the driver chip 190. Additionally, one of the contacts may be 
directly attached to the ?rst electrode layer 120, and may 
serve as a reference for the second electrode layer 160. 
The driver chip 190 may be physically attached to the 

second glass or plastic substrate 170, and may be conduc 
tively attached to the positive contact 182 and the negative 
contact 180. Further, there may be additional contacts (not 
shoWn) for conductive control signals, and there may be an 
antenna (not shoWn) for Wireless signals. Altemately, control 
signals may be piggybacked onto the poWer supply voltage. 
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The electrode, alignment and liquid crystal layers com 
bine to form an electro-active cell that is held between the 
upper and lower substrate layers. It Will be understood that 
additional layers may also be included in the electro-active 
cell. 

In some embodiments, the electrode layers 120 and 160 
are formed on thin parallel glass or plastic sheets or slides 
and are covered With the alignment layers 130 and 150 to 
orient the molecules in the liquid crystal material. One or 
more of the electrodes may be patterned to alloW for the 
designed optical effect. For example, if purely spherical 
poWer is required, then the pattern may comprise of a set of 
individually addressable concentric ring electrodes. If phase 
Wrapping is used, the electrodes may be ganged or grouped 
to reduce the number of contacts needed to drive the lens. If 
a general or arbitrary optical effect is desired, for example a 
Wave front correction for higher order aberrations, then the 
individually addressable pattern may comprise a Cartesian 
grid. The spacers 140 may be used to create a constant gap 
thickness that is ?lled With liquid crystal or other electro 
active material. A driver chip may be mounted on one side 
of the electro-active lens assembly and electrical contacts 
are made through a group of vias drilled or cut or etched in 
the glass or plastic substrate. 

If a polariZation dependent nematic liquid crystal is used, 
then tWo electro-active lens assemblies like the one shoWn 
above may be stacked and oriented at a 90-degree angle to 
eliminate the effects of birefringence. 

Alternatively, the solid electrode 120 may be converted to 
a patterned electrode and a common reference electrode 
placed in the center of the cell With a liquid crystal layer on 
each side of the common electrode. The common electrode 
may be constructed from a thin piece of glass or optical 
grade plastic coated With a transparent conductor on each 
side. The alignment layers on the tWo patterned electrodes 
may be oriented at 90-degrees from one another. In some 
embodiments, it may also be desirable to place an alignment 
layer on each side of the common electrode, Which Would be 
applied over the transparent conductor layers making up the 
common electrode, and oriented at 90-degree angles With 
one another. It Will be understood that if a common reference 
electrode is added to the cell, one or more additional 
conductors/vias may be added to alloW voltage application 
from the driver circuit to the neW patterned electrode. 
Additional vias may also be used to make electrical contact 
betWeen the neW common electrode and the driver circuit. 

If a cholesteric liquid crystal is used, then only a single 
cell Will be required to produce the optical poWer. For the 
sake of simplicity We Will limit the present discussion to 
cholesteric liquid crystal designs, With the understanding 
that the techniques described herein are applicable to nem 
atic liquid crystal designs as Well. 

FIG. 2 is a bottom vieW of the electro-active lens element 
100 shoWing an illustrative con?guration for the electrical 
contacts 180, 182. The contacts 180, 182 may be formed 
from a mostly or fully transparent conductive material such 
as, by Way of example only, ITO. As shoWn in FIG. 2, the 
negative contact 180 may be con?gured to cover a substan 
tial area, and may connect through a bus to the driver chip 
190. The positive contact 182 may also cover a substantial 
area and may connect through a bus to the driver chip 190. 
The driver chip 190 may be mounted in an area free of 
electrically conductive material (except the positive and 
negative buses), so that the various output pins (not shoWn) 
of the driver chip Will not be shorted out. In this manner, 
poWer from a battery or other poWer source, can be provided 
to the chip 190 and for poWering the electro-active lens 100, 
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6 
by simply making an electrical contact to the positive 
contact 182 and negative contact 180 of the electro-active 
lens assembly 100. Other geometric layouts of the electrical 
contacts may prove convenient, and the chip 190 may be 
moved to other locations. 

It Will be understood by those of ordinary skill in the art 
that although one contact is designated as a positive contact 
and one is designated a negative contact, the positive and 
negative polarity may be reversed. 

With reference to FIGS. 3A and 3B, an illustrative 
embodiment of the invention combines an electro-active 
lens element of the type described above in FIGS. 1 and 2 
With a pair of lens Wafers to produce a composite lens 
assembly 300 having a ?xed or base poWer. 

FIG. 3A displays an expanded vieW of the composite lens 
assembly 300. The elements of the composite lens assembly 
are: 

a front lens Wafer 310, 
a ?rst adhesive layer 320, 
an electro-active lens 330 (for example, the electro-active 

lens described in FIGS. 1 and 2), 
a positive battery terminal Wire 340 and a negative battery 

terminal Wire 350, 
a second adhesive layer 322, and 
a back lens Wafer 360. 

The front lens Wafer 310 may have a substantially ?at 
loWer surface. Altemately, the interior loWer surface of the 
front lens Wafer 310 may be curved to match a curved 
electro-active lens assembly. The front lens Wafer 310 may 
be constructed from glass or optical grade plastics, such as, 
by Way of example only, CR39, polycarbonate, or high index 
polymers. The front lens Wafer 310 may be constructed from 
different materials than the back lens Wafer, for example one 
from glass and one from plastic. The front lens Wafer 310 
may have substantially ?at upper and loWer surfaces, and 
thus have plano (or null) refractive poWer. The upper surface 
of front lens Wafer 310 may be curved, and thus create 
refractive poWer. The substantially ?at loWer surface of front 
lens Wafer 310 is adjacent to the substantially ?at ?rst 
adhesive layer 320. 
The ?rst adhesive layer 320 may be ?exible or rigid, and 

may be index-matched, the index of refraction may be 
matched to the index of refraction of the adjacent Wafer. The 
substantially ?at loWer surface of ?rst adhesive layer 320 is 
adjacent to the substantially ?at electro-active lens assembly 
330. 
The electro-active lens assembly 330 may be or comprise 

the electro-active lens assembly 100 as shoWn in FIG. 1, for 
example. The substantially ?at loWer side of electro-active 
lens assembly 330 may have a positive contact area and a 
negative contact area as shoWn in FIG. 1 and in FIG. 2. 
These contact areas are positioned adjacent to the upper 
surface of positive battery terminal Wire 340 and the upper 
surface of negative battery terminal Wire 350. Said Wires 
may also be ?at strips. Said Wires may be attached to 
alternate poWer sources, such as storage capacitors or solar 
cells. 

Altemately, in one embodiment (not shoWn) the electro 
active lens assembly 330 may have a smaller diameter than 
the lens Wafers 310 and 360, and also may have a smaller 
diameter than lens the adhesive layers 320 and 322. In this 
embodiment, the adhesive layers Would be squeeZed around 
the electro-active lens assembly, and Would effectively 
encapsulate it. In this embodiment, material may be 
removed from around the edge of the composite lens assem 
bly 300 Without contacting or destroying the contacts or the 
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liquid crystal of the electro-active lens assembly 330. Thus, 
in this embodiment the composite lens assembly 300 may be 
capable of being edged. 

Alternately, in another embodiment (not shoWn), the 
electro-active lens assembly 330 may have a smaller diam 
eter than the lens Wafers, and may be surrounded by a spacer. 
Thus, in this embodiment the composite lens assembly 300 
may be capable of being edged. 

The positive battery terminal Wire 340 may terminate in 
a ?at strip With an area corresponding to and aligned With the 
positive contact area (for example, contact area 282 as 
shoWn in FIG. 2) of the electro-active assembly 330. Nega 
tive battery terminal Wire 350 may terminate in a similar 
fashion. The loWer surface of positive battery terminal Wire 
340 and the loWer surface of negative battery terminal Wire 
350 are adjacent to substantially ?at upper surface of the 
second adhesive layer 322. 
The second adhesive layer 322 is similar in form and 

function to the upper adhesive layer 320. The substantially 
?at loWer surface of the second adhesive layer 322 is 
adjacent to the substantially ?at upper surface of back lens 
Wafer 360. 

Note that the second adhesive layer may deform about the 
battery terminal Wires so as to ?ll the spaces betWeen the 
battery terminal Wire 340 and battery terminal Wire 350, and 
thus effectively provide a single layer With substantially ?at 
sides. 

Additionally, note that the battery terminal Wires 340 and 
350 may be routed approximately perpendicularly doWn 
Ward through vias (not shoWn) in the second adhesive layer 
322 and vias (not shoWn) in the back lens Wafer 360. When 
the Wires 340 and 350 are routed perpendicularly, and When 
the diameter of the electro-active lens assembly is reduced 
(as discussed above), then the composite lens assembly 300 
may be edged. 

Edging is a Well knoWn technique in the art of optics 
Wherein a lens (or the composite lens assembly 300) has 
material removed from the edge in order to properly position 
the edged lens inside of a frame relative to the environment. 
For example, typically an optometrist or optician positions 
an empty spectacle frame on the patient’s face, then makes 
several measurements, and then edges a lens so that it is 
properly positioned and aligned inside of the spectacle frame 
relative to the patient’s eye. 

The back lens Wafer 360 is similar in form and function 
to the front lens Wafer 310. Together, the front lens Wafer 
310 and the back lens Wafer 360 may provide a ?xed or base 
refractive poWer to the total optical poWer of composite lens 
assembly 300. Alternately, the Wafers may be piano (have no 
optical poWer), and merely serve structural purposes. 

FIG. 3B displays an assembled vieW of the composite lens 
assembly 300 With a ?xed or base poWer. Speci?cally, FIG. 
3B shoWs the individual elements of FIG. 3A in an 
assembled or compressed vieW. The adhesive layers 320 and 
322 hold the composite lens assembly 300 together. 

With reference to FIGS. 4A and 4B, an illustrative 
embodiment of the invention combines an electro-active 
lens element of the type described above in FIGS. 1 and 2 
With a pair of lens Wafers to produce a composite lens 
assembly 400 having a ?xed or base poWer. Further, FIGS. 
4A and 4B introduce screWs or fasteners 470 to provide 
additional mechanical strength to the composite lens. Note 
that the adhesive layers become optional When the screWs or 
fasteners are introduced. 

FIG. 4A displays an expanded vieW of an embodiment of 
a composite lens assembly 400 With a ?xed or base poWer 
and With screWs or fasteners. The layers are: 
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8 
a front lens Wafer 410, 
an ?rst adhesive layer 420, 
an electro-active lens assembly 430 (for example, the 

electro-active lens described in FIG. 1), 
a positive battery terminal Wire 440 and a negative battery 

terminal Wire 450, 
a second adhesive layer 422, and 
a back lens Wafer 460. 
Additionally, note the screW or fastener 470 and the nut or 

fastener 480 may be used to add additional support to the 
composite lens assembly. ScreWs or fasteners may be par 
ticularly useful in rimless spectacle frames, because the 
screW or fastener may be attached directly to the rimless 
spectacle frames. In some embodiments the screW or fas 
tener may serve as a conductive path in place of a battery 
terminal Wire. Also, these mounting screWs or fasteners may 
be used to secure the electro-active lens assembly 400 to a 
spectacle frame (not shoWn). The ?rst adhesive layer 420 
and second adhesive layer 422 are optional because the 
screW or fastener 470 and the nut or fastener 480 may 
provide adequate support for the composite lens assembly 
400. Additionally, the positive battery terminal Wire 440 and 
negative battery terminal Wire 450 are optional because the 
poWer may be conducted through the fasteners 470 and 480. 

Routing the poWer through the screWs or fasteners pro 
vides additional bene?ts. Speci?cally, if the electro-active 
lens assembly has a smaller diameter than the Wafers (and 
possibly surrounded by a spacer as discussed above), then 
the composite lens assembly 400 is capable of being edged. 

Edging is a Well knoWn technique in the art of optics 
Wherein a lens (or the composite lens assembly 400) has 
material removed from the edge in order to properly position 
the edged lens inside of a frame relative to the environment. 
For example, typically an optometrist or optician positions 
an empty spectacle frame on the patient’s face, then makes 
several measurements, and then edges a lens so that it is 
properly positioned and aligned inside of the spectacle frame 
relative to the patient’s eye. Edging composite lens assem 
bly 400 (With poWer routed through the screWs or fasteners) 
Would not damage any electrical connections, and Would not 
damage the liquid crystal. With the exception of the screW 
or fastener 470 and the nut or fastener 480, the other 
elements are the same as those previously described With 
respect to FIG. 3A composite lens assembly 300. 

FIG. 4B displays an assembled vieW of the composite lens 
assembly 400 With a ?xed or base poWer, and including 
screWs or fasteners. 

FIG. 5 displays an embodiment of a composite lens 
assembly 510 mounted inside of a spectacle frame 500. The 
composite lens assembly 510 may, for example, be similar 
to the composite lens assembly 300 ofFlGS. 3A and 3B may 
be mounted inside of spectacle frame 500. 

Speci?cally, in FIG. 5 positive terminal Wire 540 and 
negative terminal Wire 550 electrically connect the electro 
active lens assembly to a poWer supply such as a battery 570 
attached to a frame stem 560. The Wires (540 and 550) may 
be light gauge Wires, or may be conductive strips. 
The frame in FIG. 5 is a hinge-free design, but a hinged 

frame can also be used Without deviating from the scope of 
the present invention. While the ?gure illustrates placement 
of the battery or poWer source on the frame stem, the poWer 
source may also be placed in or on the lens, adjacent to the 
lens, on or inside the bridge, nose pad, hinge, or Where the 
hinge meets the frame front, Which Would potentially alloW 
for shorter connections betWeen the poWer source and the 
lenses. HoWever, if the battery is relatively large, then one 
comfortable battery placement may be Where the spectacle 
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frame stem rests upon the ear, so that the ear carries the 
Weight. The power supply may comprise a battery, a capaci 
tor, a solar cell, or some combination of these poWer sources. 
For example, a solar cell may charge a capacitor. Further, the 
mechanical poWer of folding closed or opening the spectacle 
frame stem may be used to charge a battery or a capacitor. 

FIG. 6 illustrates an embodiment of an electro-active lens 
assembly that is similar to the embodiment in FIG. 1. 
However, the electro-active lens assembly 600 of FIG. 6 has 
positioned the positive contact on the bottom and the nega 
tive contact on the top, in contrast to the electro-active lens 
assembly 100 of FIG. 1 Which has positioned both contacts 
on the bottom. Changing the position of the contacts requires 
changing the position of the vias, as illustrated in FIG. 6. 

Speci?cally, FIG. 6 displays a side vieW an embodiment 
of an electro-active lens assembly 600 With positive contact 
on the bottom and With negative contact on the top. The 
layers are: 

a negative contact for battery poWer 680, 
a ?rst glass or plastic substrate 610, 
a ?rst electrode layer 620, 
an ?rst alignment layer 630, 
a liquid crystal layer 642, and a spacer 640, 
an second alignment layer 650, 
a second electrode layer 660, 
a second glass or plastic substrate 670, 
a positive contact for battery poWer 682, and 
a driver chip 690. 
Additionally, note a via connection 686 to the ?rst elec 

trode layer 620, and an ultra thin Wire via connection 688 to 
the negative contact for battery poWer 680, and multiple 
through hole via connections 684 betWeen the driver chip 
690 and the patterned electrode layer 660. Electrical contacts 
through the various vias may be made With transparent 
conductors such as ITO, that can be deposited during 
iterative lithographic steps, or by ultra thin metal Wires, 
designed for minimizing any adverse cosmetic effects. 

Note that the battery contacts 680 and 682 are physically 
separated and placed on the top and bottom of the electro 
active lens respectively. This physical separation decreases 
the possibility of short circuits, and simpli?es placing the 
terminal Wires. 

Thus, the electro-active lens assembly 600 is almost 
identical to the electro-active lens assembly 100 shoWn in 
FIG. 1, except for the relocation of the negative contact for 
battery poWer to the opposite side of the electro-active lens 
assembly, and except for the neW related via 688. 

FIGS. 7A and 7B illustrate bottom and top vieWs of the 
electro-active lens element 600 from FIG. 6, shoWing an 
illustrative con?guration for the electrical contacts 680 and 
682. 

Speci?cally, FIG. 7A displays the underside of the elec 
tro-active lens assembly 600 Which shoWs the positive 
contact 682 Which is connected to a driver chip 690. FIG. 7B 
shoWs the top of the electro-active lens assembly 600 Which 
shoWs the negative contact 680. The negative contact 680 is 
connected to the driver chip 690 through a Wire via 688. As 
shoWn in FIG. 6, the via 688 passes through the upper 
substrate 610, the ?rst electrode layer, the spacer 640 in the 
liquid crystal layer, the second electrode layer 660 and the 
loWer substrate 670 to the driver chip 690. The electro-active 
lens assembly 600 may be poWered or charged through the 
positive contact 682 and negative contact 680. In addition to 
poWer, the positive contact 682 and the negative contact 680 
may carry an embedded control signal to communicate With 
the driver chip 690. 
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With reference to FIGS. 8A and 8B, an illustrative 

embodiment of the invention combines an electro-active 
lens assembly of the type described above in FIGS. 6 and 7 
With a pair of lens Wafers to produce a composite lens 
assembly 800 having a ?xed or base poWer. 

FIG. 8A displays an expanded vieW 800 of an embodi 
ment of a composite lens assembly With an electro-active 
lens assembly that has battery contacts on opposite sides. 
From top to bottom, FIG. 8A displays: 

a front lens Wafer 810, 
a ?rst adhesive layer 820, 
a negative battery terminal Wire or strip 850, 
an electro-active lens assembly 830 With battery contacts 

on opposite sides (like electro-active lens assembly 600 
in FIG. 6), 

a positive battery terminal Wire or strip 840, 
a second adhesive layer 822, and 
a back lens Wafer 860. 
The composite lens assembly 800 is similar to composite 

lens assembly 300 in FIG. 3A, except that the position of the 
negative battery terminal Wire has been moved to the 
opposite side of the electro-active lens assembly 830 to 
folloW the movement of the negative contact to the upper 
side of the electro-active lens assembly 830. Thus, the 
composite lens assembly 800 has battery terminal Wires 
separated by the body of the electro-active lens assembly 
830. This separation alloWs (but does not require) the battery 
terminal Wires to exit the composite lens assembly 800 in the 
same radial direction. For example, in FIG. 8A both battery 
terminal Wires exit to the left, and may be easily ganged 
together or joined into a bus. 

Although not shoWn, composite lens assembly 800 may 
be joined by fasteners or screWs, and the fasteners or screWs 
may be used to conduct the electrical poWer. 

FIG. 8B displays an assembled vieW of the composite lens 
assembly 800 With the negative battery terminal Wire near 
the positive battery terminal Wire. 

While the geometries discussed herein and illustrated in 
the ?gures are ?at, it is conceivable that curved parallel 
surfaces could also be employed that Would alloW for 
thinner composite lenses to be fashioned by the assembly 
methods described herein. In embodiments Where the elec 
tro-active lens assembly is curved, one of the tWo Wafers 
may be eliminated as the electro-active lens assembly Would 
provide one of the tWo curved surfaces required to complete 
the distance vision optical poWer. 

It Will be readily understood by those persons skilled in 
the art that the present invention is susceptible to broad 
utility and application. Many embodiments and adaptations 
of the present invention other than those herein described, as 
Well as many variations, modi?cations and equivalent 
arrangements, Will be apparent from or reasonably sug 
gested by the present invention and foregoing description 
thereof, Without departing from the substance or scope of the 
invention. 

While the foregoing illustrates and describes exemplary 
embodiments of this invention, it is to be understood that the 
invention is not limited to the construction disclosed herein. 
The invention can be embodied in other speci?c forms 
Without departing from the spirit or essential attributes. 
What is claimed is: 
1. A composite eyeglass lens assembly for an eyeglass 

frame, comprising: 
a. a ?rst lens having a ?xed optical poWer; 
b. a second lens having a ?xed optical poWer; 
c. a dynamic electro-active lens disposed betWeen said 

?rst and said second lenses; and 
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d. a connecting element extending through said ?rst lens, 
said second lens, and said electro-active lens for secur 
ing to the eyeglass frame, Wherein said connecting 
element is adapted for conducting electricity to said 
electro-active lens from the eyeglass frame. 

2. The composite lens assembly of claim 1, Wherein at 
least one of the ?rst and second lenses is formed from a 
polymeric material. 

3. The composite lens assembly of claim 1, Wherein at 
least one of the ?rst and second lenses is formed from a glass 
material. 

4. The composite lens assembly of claim 1, Wherein said 
connecting element is a bolt. 

5. The composite lens assembly of claim 4, Wherein the 
dynamic electro-active lens comprises: 

a. a ?rst electrode layer; 
b. a second electrode layer; and 
c. a liquid crystal layer disposed betWeen said ?rst and 

said second electrode layers. 
6. The composite lens assembly of claim 5, Wherein the 

dynamic electro-active lens further comprises: 
a. a driver chip in electrical communication With the ?rst 

and second electrode layers for controlling application 
of electrical poWer to the ?rst and second electrode 
layers; and 
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b. at least one electrical contact layer in electrical com 

munication With said driver chip, Wherein said at least 
one electrical contact layer has a ?rst contact area and 

a second contact area, Wherein said second contact area 
is electrically isolated from the ?rst contact area. 

7. The composite lens assembly according to claim 6, 
Wherein said ?rst and said second contact areas are formed 

from a substantially transparent material. 

8. An electrical composite eyeglass lens assembly, com 
prising: 

a. a ?rst lens having a ?xed optical poWer; 

b. a second lens having a ?xed optical poWer; 

c. a dynamic electro-active lens disposed betWeen said 
?rst lens and said second lens; and 

d. a connecting element extending through said ?rst lens, 
said second lens, and said electro-active lens, Wherein 
said connecting element secures the ?rst lens, the 
second lens, and the electro-active lens together, 
Wherein said connecting element is adapted for provid 
ing electrical communication to said dynamic electro 
active lens. 


